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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE 2590

CAICULATIONS ON THE FORCES AND MOMENTS FOR AN
OSCILLATING WING-ATLERON COMBINATION IN
TWO-DIMENSIbNAL POTENTIAL FLOW
AT . SONIC SPEED

By Herbert C. Nelson and Julian H. Berman
SUMMARY

The linearized theory for compressible unsteady flow is used, as
suggested in recent contributions to the subject, to obtain the velocity
potential and the 1ift and moment for a thin, harmonically oscillating,
two-dimensional wing-aileron combination moving at sonic speed. The
velocity potential is derived by considering the sonic case as the limit
of the linearized supersonic theory. From the velocity potential
explicit expressions for the 1lift and moment are developed for vertical
translation and pitching of the wing and rotation of the aileron. The
paper provides extensive tables of numerical values for the coefficients
contained in the expressions for 1lift and moment, for various values of
the reduced frequency k (0< k< 3.5) and aileron hinge position (from
10 to 90 percent of the wing chord). The sonic results are compared and’
found to be consistent with previously obtained subsonic and supersonic
results. Several figures are presented showing the variation of 1lift
and moment with reduced frequency and Mach nmumber and the influence of
Mach number on some cases of bending-torsion flutter.

INTRODUCTION

[ .

Instability investigations for high-speed aircraft often require a
knowledge of the air forces and moments that act on an oscillating wing
moving at high speed. TFor subsonic and supersonic speeds the main source
of theoretical information has been the solution of the linearized dif-
ferential equation for compressible flow. . For sonic or near-sonic speed,
however, the linearized theory has been generally assumed inapplicable,
since 1t does not allow for thickness effects, shocks, and strong dis-
turbances. As is well known, it predicts infinite forces on a non-
oscillating, thin, unswept wing moving at sonic speed.
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Tmportant differences exist, however, between the steady and
unsteady cases. By a discussion of the order of magnitude of the terms
of the general nonlinear differential equation for compressible flow,
reference 1 shows that for unsteady two-dimensional flow at sonic speed
this equation is essentially linear and in linear form leads to phys-
ically plausible results for the forces on a thin oscillating wing,
provided the frequency of oscillation is sufficiently large. A similar
conclusion was reached in reference 2, where linear methods applied to
a wing in two-dimensional nonstationary flow at sonic speed yielded
perturbation velocities of the same order of magnitude as those obtained
for subsonic or supersonic speeds. In references 3 and 4 expressions
and some numerical values are given for the 1lift forces and moments on
an oscillating two-dimensional wing moving at sonic speed. Because of
the importance of the sonic problem in present-day flight considerations
and because of the insight into the three-dimensional problem that the
solution for two-dimensional flow will probably afford, the purpose of
the present paper is to develop the two-dimensional case more fully.

Consideration is thus given to the case of an oscillating wing-
aileron combination in two-dimensional flow at sonic speed. The velocity
potential for this case is obtained, and from the velocity potential
expressions for the air forces and moments on the wing-aileron combina-
tion are developed in terms of the frequency of oscillation. Numerical
tables of the coefficients contained in the expressions for 1lift and
moment are supplied which may be used for the theoretical calculations
involved in wing flutter and other instability problems for sonic speed.
The tables provide a means for obtaining continuity of calculation
between high-subsonic and low-supersonic results for the oscillating
wing-aileron combination in two-dimensional flow.

Because of the small-disturbance assumption, the theory and sub-
sequent results are subject to the came restrictions imposed on all
small-perturbation theory, subsonic and supersonic. In addition, as the
frequency approaches zero, the difficulties of the steady linearized
problem are encountered; therefore the validity of the subsequent results
is subject to question for the range of low frequencies. Moreover,
uncertainty exists because the linear unsteady results are considered to
represent disturbances from an equilibrium position that is governed by
‘nonlinear relations, and a great amount of experimentation may be neces-
sary to determine the region of validity for the calculations. Neverthe-
less, the results serve as a bridge between subsonic and supersonic
theory and may be applicable for a range of high frequencies.
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SYMBOLS

velocity of sound in undisturbed medium

wing semichord

section 11ft coefficient

section moment coefficieht about leading edge
Fresnel integral.defined in equation (23)
vertical displacement of axis of rotation
Bessel function of zero order (first kind)

reducedAfrequency (ab/V)

quantities defined by equation (22); t=1, 2, 3, 4, 5,
and 6 . '

quantities defined by equation (23), independent of w1ng~

axis-of-rotation position
mass of wing per unit span
Mach number (V/a)

aerodynamic section moment on wing about axis of
rotation, positive leading edge up

aerodynamic section moment on alleron about its hinge,
positive leading edge up.

| pressure difference

aerodynamic section normal force, positive downward
time
flight speed

normal velocity at x, at time t



x' = 2bx

2by

(4—
1]

z' = 2bz
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nondimensional rectangular coordinates, referred to 2b

abscissa of axis of rotation of wing section; referred
to 2b .

abscissa of alleron hinge; referred to 2b

location of center of gravity of wing-aileron system
measured from elastic axis (see reference 5)

angular displacement (pitch) about axis of rotation

effective angle of attack due to vertical translation (ﬁ/V)

angular displacement of aileron; measured relative to a

- Phase angle between 1ift due to h and bending

velocity h
phage angle between 1ift due to o and position a

phase angle between moment due to h and bending
velocity

phase angle between moment due to ao and position «

2
density parameter (E%?—>; reference 5 uses u = % %

abscissa of point of disturbance; referred to 2b

density in main stream
time variable

times required for transmittal of disturbance to field
point :

disturbance velocity potential

angular freguency of oscillation
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ah natural bending frequency of wing
Wy,

natural torsional frequency of wing
ANATYSIS

The theory presented herein for two-dimensional flow at sonic speed
is based on the assumptions that.the two wing surfaces act independently
and that wake effects are absent. Thus the sonic case as treated is more
akin to the supersonic than the subsonic case. The velocity potential
for the oscillating two-dimensional wing moving at sonic speed is derived
by allowing the Mach number M to approach unity in the velocity poten-
tial for the wing moving at supersonic speed. An alternative derivation
1s also given in which the potential is obtained directly from the lin-
earized differential equation by a method of soluticn employing the
Laplace transformation. In reference 3 Rott obtained the velocity poten-
tial by superposition of the elementary source solution of the linearized
differential equation.

Velocity potential for sonic speed.- Consider first the velocity

potential for a harmonically oscillating two-dimensional wing moving at
supersonic speed, given in reference 5 as

Zox,t) = - w(2be, t)e ™ ar at e
#( .x’) ﬂ[/bd_g——ff DR .(),

where

. - 2b(x - &)
17 aM+ 1)

. - 2b(x - &)
a(M - 1)

a 1s the speed of sound in the undisturbed medium, x and £ are
nondimensional coordinates referred to the wing chord 2b, w(2bt,t) 1is
the prescribed local normal velocity at the wing surface, and o 1is the
frequency of oscillation. The integral in equation (1) represents the
total effect of all the disturbances created by the wing. The time-lag
functions T{ and T, are associlated with the two pulses that occur

at the polnt x Dbecause of a disturbance created at the point £ (see
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reference 5 for more complete discussion). Another form for equation (1),
also given in reference 5, is

* ~goprMx-F) X £)
B(2bx,t) = - —2P w(2bk,t)e M=-1 Jo| 2K’ 3—‘—2-'—-§->d§ (2)
M2 - 1 0 M= - 1
where k' = bw .

a

As the Mach number M approaches unity the argument of the Bessel
function JO in equation (2) becomes infinite, and the following

asymptotic approximation is applicable:

2
1im JO<2k""g ==L cosfexX=-£f _ X (3)
M—s1 ° M2 - 1) {mk(x - g) o1 ¥
where on the right-hand side k' has been replaced by k since k = %?
and k' = lim k. At M =1 +the time-lag function To contained
M—>1 :

in equation (1) becomes infinite and the influence of one of the two
pulses characteristic of supersonic flow becomes vanishingly small.
(By considering the sonic case as a 1limit from the subsonic side, the
wing at sonic speed cannot overtake the second pulse.)

By letting M approach unity in equation (2) and using equation (3)
in the process, the sonic velocity potential is found to be

@(2bx,t) = -2b fx w(2be,t)a(x - E)at (4)
0

where

e-1kx

Vinkx

G(x) =

noj-

Equation (4) can also be obtained directly from the linearized
differential equation for two-dimensional compressible flow, which may
be written as
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oo 2y B 0 -

;55-%. Bx' ax'2 az'2 !

For the harmonically oscillating wing moving at éonic speed, equation (5)

becomes ~
% _ _of, , 2iw O - 6)
3z12 Y- & Jdx!

where the disturbance velocity potential ¢ is related to V¥ by

’

\

¢(X',Z',t) = W(X’,Z')eium

and x' =2bx and z' = 2bz. The mean position of the wing (given by -
z' =0 and x' 20) and the rectangular coordinate system being used
are moving at velocity V = a in the negative x'-direction, as shown

in figure 1. Since this paper is concerned only with the 1lift of a thin
wing, the boundary conditions that equation (6) must satisfy are

<§l> - w(x')  (x Z0) (7)
Z'/ g1 =40 ‘
¥—>0 as z'-—>te (8)

v=0 | (x' <0) (9)

In accordance with small-disturbance linearized theory the boundary
conditions are expressed for the mean position of the wing rather than
the wing itself. Equation (7) implies that the normal-velocity distribu-
tion on the wing is given; equation (8) is a condition on the behavior
at infinity (the manner of approaching zero is associated with the radia-
tion condition of Sommerfeld); equation (9) is the condition that no
disturbances be propagated forward of the wing. Since the velocity
_potential must be continuous, equation (9) implies that

V(+0,z') = ¥(-0,z') =0

Equations (6) to (9) constitute the boundary-value problem for the
velocity potential , : o ‘
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As a matter of possible interest an alternative derivation of
equation (4) that makes use of the Laplace transformation (as was done
by Stewartson in reference 6 for supersonic flow) is presented. Applying
the Laplace transform

27 2
I “
-
(Eg-)z':to = w(s) (11)
¥Y—>0 as z'—%0 (12)

From equations (10) to (12) the value for V¥ 1is

¥ = - ek (13)

?rom equation (13) the value for ¥ at the upper surface of the wing
z' = 4+0) is

¥ = - ¥s) (1k)

Applying the inverse transform to equation (1k) yields

V(x',+0)

xl
- Jﬁ w(E")G(x' - &')ae’
0

. or

xl
p(x',+0,t) —e""tfo w(e')a(x' - g')ag! (15)
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where

G(x') =

ST

' = 2bt
Equations (15) and (4) are identical, each giving the velocity potential -
at the upper surface of the wing.

Application to wing-aileron,combination.- For the particular case of
the wing-aileron combination oscillating harmonically in vertical transla-
tlon h, pitch @, and aileron rotation B (see fig. 1(b)), the normal

velocity at a point x of the wing chord may be expressed as

w(2bx,t) = =[h + Va + 2b(x - x5)d + VB + 2b(x - x)B - (16)
where |
h = hoéi‘*’t
a = G,Oeia)t
B = Bl

hy, @y, and BO are complex amplitudes, and the B +terms are to be

interpreted as zero for x < Xq- Since linearized theory is being

employed, the potential given in equation (4) may be considered as the
sum of five potentials, each of which is associated with one of the
terms on the right-hand side of equation (16). Hence the potential may
be written as .

BB B B+ B+ B (17)
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where upon substituting equation (16) into equation (4)

X

B, = 2bﬁfo G(x - e)at

p, = 2bVa 'J: G(x - g)de
X

B = hbgd,ﬁ (6 - x)G(x - ¢)at
X

B = 2bVBf G(x - t)at
l
X

s = ub%f (& - x9)G(x - g)ae
X1

Forces and moments.- The velocity potential for the upper wing
surface given in equation (4) is antisymmetric with respect to the
plane z = 0, as may be noted in the boundary condition, equation (7.
The local pressure difference, positive downward, between the upper and
lower surfaces of the wing at any point x is obtained from equation (L)
by means of

Ap = -ep(gg R 1@.@)

2b ox

where p 1s the density of the undisturbed medium. The force (positive
downward) acting on a wing section is therefore

1
P=2b f Ap dx (18)
O .

The moments (positive leading edge up) acting on the entire wing section
about the axis of rotation at x5 and on the aileron section about the

hinge point x; are, respectively,
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5 1 _ : - -
M, =l , (x - xg)Ap dx o - (19)
1 : 7
My = 4p2 (x - x1)Ap dx : ~ (20)
X1

Upon substituting equation (17) into equations (18), (19), and (20) and
performing the indicated integrations, the results may be written as

~

P = -kpr2k2em EQ(L]_ + ‘iLQ) + a.O(L3>.+ 1L4> + BO(L5 + iLgil'

(21)

I

A4

My —hpbevgkeei‘f’t [h;?(nl + M) 4 ao(M3- + iMu)_ + BO(M5 + 1M6ﬂ

Mg pPy2iPetet EES(Nl * MWp) + ag(Ng + 1) + (s + iﬁ6):|

- /
The coefficients of equation (21) can be expressed as follows with
primed quantities introduced for convenience in numerical tabulation to
denote terms independent of the wing-axis-of-rotation position X0
(referred to Xg = 0):

Ly + ilp = Iy' + iLy' ' - \
Ly 4D, = Iyt o+ AT - 2xo(1q" + 1LyY)

L5 + 1Lg = Lg' + iLg'

My + Mp = M '+ My - 2xO<L1' N 11.2")
Myt o+ M - 2xOKM1' v M) + (15 + 11.,;)] +

(1 + 1Ly) N &)

Mg+ Mg = Ns' + iNg' + 2(x) -'xo)(Lj' + 11g")
Ny o+ N = Ny o+ iNp' +My' + dMp! - le(Ll{ +1LpY)
Ny + iNh = Ty' + iN' - 2.xo(Ni + ‘iN2> |

N5 + iNg = Ns' + iNg' | )

M3+1M)+
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The primed quantities, as a result of integration by parts, can be

expressed as . , ~
1-1 1 +1 0 -ir
L' + 1L "' = - £ + .0 -irg
1 2 T, ( 0) r02 2n
- T -ir
Ly' + 1Ly’ -2 i(-z s 2 12 f(ro) + 2 +21M;e 0<2 -4
2r0 To ar, 2rg T To/
L' + 1L' = (1 - xl>3 -1-_‘-1-(-2 +ei, 1 £(ry) +
ery ry 2r12

(23)

Y
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wher¢
ro =k '
rl = (1 - xl>k
T, = xlk

and the quantities f(rj> are the Fresnel integrals

' T -ix o
f(rj> = | de=2 dx» V (3 =0, 1, 2)

0 I/ 2nx

The primed quantities Ly' and M;' (i =1, 2, 3, and 4), associated
with wing bending torsion, are tabulated in table I as functions of the
reduced frequency k for the range 0< k < 3.5. The primed quantities
Li's My' (1 =52and6), and Ny' (1=1, 2, 3, 4, 5, and 6), introduced
by the aileron degree of freedom, are tabulated in or can be obtained
from table II for the same values of k and for values of the aileron
hinge position X7 ranging from 0.1 to 0.9 in increments of 0.1. 1In

order to make the tabulated values more uniform, each of the primed
quantities listed in the tables has been multiplied by the reduced
frequency squared kg, which appears in the force and moment equations,
equations (21). '

DISCUSSION

Lift forces and moments.- The 1lift forces and moments, the coef-
ficients of which are given in table I, apply to a thin, oscillating,
- two-dimensional wing moving at sonic speed. A comparison of these
results with the forces and moments previously obtained for the same _
type of wing moving at subsonic and supersonic speeds (references 5 T 8,
and other papers) may be of interest. '

For purposes of comparison, consider the case of a wing pitching
about its leading edge and translating vertically. The 1ift coeffi-
cient c,. and the moment coefficient about the leading edge cm can be

expressed as
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X
c, = - _.25 = hlzik(Ll' +ilpN e + kE(L3' + 1L1+')ai|

oY L (21)
cp = EQZZVQ = -2,:-11{(»41' My )y + KB(Mg' mh')oﬁ

where G, = % is the angle of attack due to vertical translation and
the quantities Li' and M,' are now dependent on M as well as k.
For the nonoscillating wing in incompressible flow (x = 0, M = 0)

c, = 2na and cp =-§a“ From equation (24) the 1ift- and moment-curve

slopes (complex derivatives) associated with vertical translation and
pitching are, respectively,

?ﬁﬁ = -ihk(Ll' + 11.2')

Eaf = iak(Ml' + :LMQ')
and | g (25)

bt h-ke(L3' + 1Lh')

e - 2k2<M3' + mh')

/

In figure 2 the magnitudes of the slopes given by equation (25) are
plotted against k for several values of M, and in figure 3 the
associated phase angles are plotted. In figures 2 and 3 the dashed
curves represent the supersonic results, the solid-line curves represent
the subsonic results, and the solid-line curves with several of the
computed points circled represent the sonic results.

In figure 2 the variation of slope with Mach number for the steady
case (along ordinate k = 0) is given by the Prandtl-Glauert rule for
subsonic speeds and the Ackeret rule for supersonic speeds. Each of
these rules predicts an infinite slope at M = 1. In the figure, the
values for the slope magnitude become excessive only for Mach numbers
approaching unity and values of k approaching zero. In this neighbor-
hood the linearized theory does not apply, and the Mach number and
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k range in which the theory is applicable awaits experimental or
theoretical determination. In figure 3 the phase-angle curves for M = 1
depart from those for the other Mach numbers in the low k range. At

k = 0, the phase angle for M = 1 differs from the constant phase angle
of all the other Mach numbers by 45°.

Figure h\coptains a cross plot against Mach number of figure 2(a)
for several values of k. Note that the maximum 1ift-curve slope occurs
at M =1 only for small values of k. Above a k of around 0.2, as
may also be noted in figure 2(a), the maximum 1ift-curve slope for a
prarticular value of k occurs at a Mach nunber less than 1.

Some applications to bending-torsion flutter.- In reference 5 a
systematic numerical study of the bending-torsion flutter of a two-
dimensional wing was made  including, among other considerations, the
effect of Mach number on this type of flutter. The results were pre-
sented in the form of figures. Table I of the present paper is used to’
obtain points at M =1 for figures 18 and 19 of reference 5. These
figures of reference 5 with the M = 1 points added are presented as
figures 5 and 6. ' ‘ ' ,

In figure 5 the flutter-speed coefficient V/'btq1 is plotted against
Mach number M for several values of the density parameter. I/k, for
vings with the center of gravity at 60 percent chord and the elastic axis
at 50 percent chord. The points for Mach number 1, indicated by circles,
are conslstent with the results of reference 5. As a matter of possible
interest some values of the reduced frequency are indicated at M = 0
and M =1,

In figure 6 a plot of the flutter-speed coefficient V/bah, againgt
the ratio of wing bending frequency to wing torsional frequency ah/mu
is shown for several Mach numbers. The curve for M = 1l, calculated

- points of which are circled, is shown in relation to the curves pre-
viously given in reference 5. ‘

CONCLUDING REMARKS

: The linearized theory for compressible unsteady flow has been used
to obtain the forces and moments for a thin, harmonically oscillating,
two-dimensional wing-aileron combination moving at sonic speed. .These’
forces and moments and the flutter results obtained from them were found
to be consistent with similar calculations previously obtained for other

Mach numbers. In assessing or applying the results for a Mach number
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of 1, the limitations associated with linearized theory should be kept
in mind.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., September k4, 1951
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TABLE II.- VALUES OF FUNCTIORS FOR ATLERON FLUPTER CALCULATIONS

NACA TN 2590

x ¥, k2L ! k25, 2, x2R, k2R, ! e x°Rg!
(wing chords) Is 2L6 1 2 3 L 5 6
X = 3.5
0.1 0.89067 | 2.731k -0.09339 3.1344 0.74199 3.9401 0.12031 «0.86753
.2 .80334% | 2.1347 -.0ls50k2 2.5061 58009 3.2668 60700 2.3329
.3 L71591 | 1.6131 -.006 1.9349 k3962 2.6203 47589 1.5491
RN 62642 1.1660 018221 1.4282 .32026 2.0135 35957 .96683
.5 .53285 .T9307 .028928 .99321 22116 1.4603 25674 .55513
.6 43448 Lo 029296 63394 J1k121 97433 16833 .28195
7 .33082 25786 -021995 35537 -0T9T711 . 57080 095843 11782
.8 22375 091798 012059 115626 .035526 26349 .0h2332 033681
.9 J17HE | -.0069616 0034955 038640 0089560 068345 .010386 . 00:
k = 3.0 !
0.1 0.90819 | 2.3077 -0.20128 2.6676 0.75299 3.3431 0.59062 -1.0036
.2 .82052 1.8021 -.143k2 2.1398 .58836 2.7714 62394 1.9796
.3 .73081 | 1.3604 -.092088 1.6550 1 2.2224 48942 1.3160
. 637715 .98181 -.051800 1.2308 .32322 1.7075 .36851 82271
.5 54039 66478 -.023670 86078 22208 1.2382 26148 47300
.6 43845 ko760 ~.0068100 55321 14093 82635 16982 24055
N 33269 20837 00094230 31164 078792 .48ho2 095832 10013
.8 22522 065938 0025070 .13836 034885 22367 042098 027973
.9 11980 -.017583 0011246 034469 008747 .058061 010400 0018736
k=25
0.1 0.93119 1.8879 «0.26703 2.1572 0.7T781 2.7522 1.0333 -0.90819
.2 84025 1.4727 -.20750 1.7337 60881 2.2808 L6LY 1.6329
.3 . Th619 1.1096 -.15129 1.3481 46103 1.8281 50353 1.0874
b o 19775 ~.10298 1.0040 33475 1.4039 .37653 68113
.5 54688 .53640 -.064825 .T05T5 .22984 1.0179 26473 .39246
.6 g3 .32213 -.036076 L5578 14533 67894 17045 .19903
7 .33476 15607 -.017019 .25831 .080881 39763 095456 .082000
.8 22755 03749 -.0061219 11543 035620 18376 041826 021904
.9 .12326 ~-.030013 -.0011501 .028958 0088363 okTTIL 010466 00072869
k = 2.0
0.1 0.95660 1.4727 -0.27189 1.6293 0.81216 2.1748 1.3413 -0.63396
.2 86004 1.1456 -.22041 1.3098 .63808 1.8017 66496 1.2943
.3 . 76036 .85876 -.16926 1.0197 18488 1.4432 .51552 86344
RN 65768 61140 -.12269 . T6104 35314 1.1075 .38209 .Shigk
.5 . 55240 L0268 -.082900 53616 .2k290 80216 26633 .31098
.6 k536 .23188 -.050992 .34768 .15385 53476 17000 15666
7 33782 098908 -.02724k 19768 085640 . 31294 094720 062940
.8 23164 .0048432 -.011370 .0376T7 15k .0k1592 015236
.9 .12862 | -.oks272 -.0026384 022k15 0093252 037512 010627 - L
k = 1.5
0.1 0.9799% 1.0577 -0.21153 1.1188 0.84629 1.6153 1.4453 -0.28161
.2 87691 .81520 = AT7Th 89766 66784 1.3386 .67928 96219
.3 .T7191 .60170 -.141313 69811 .50999 1.0719 .52182 64145
Rt .66539 L1675 -.10616 .52088 . 3Thok .82193 38333 ko055
.5 .55793 .26010 -.07k653 .36716 .25792 59472 26516 22779
.6 45043 .13188 ~.047957 23837 .16h12 39602 .16839 11189
T . 34394 032740 -.0268T4 13591 .091712 .23148 093816 042001
.8 23960 -.035165 -.011820 061184 .okol78 10679 0k1603 .00Th945
.9 13761 - -. 0029068 015481 010045 027684 .01098T -.0023279
X = 1.0
0.1 0.99808 { 0.62511 -0.10111 0.66383 0.86349 1.0685 1.3319 0.01581%
.2 89071 46377 -.090344 +52958 .68378 .88808 . 68000 62662
.3 78309 .32129 -.075513 41001 52446 .Ti223 .51857 Ji12%9
R 67565 19781 -.05929 30482 .38573 .5k649 376888 25176
.5 56887 093697 -.043368 21425 .26795 . 39542 26141 .13690
.6 46329 0096862 -.028919 .13880 .1T1k2 .26317 . 16637 060946
N 35939 | -.052749 -.016806 .079021 096326 .15370 093606 016863
.8 25724 ~.090548 -.0076650 035540 .olk27h1 .070828 okasot -.0024881
.9 15480 | -.095913 -.0019552 0089892 010663 .018337 011830 -.0047628
x = 0.8
0.1 1.0058 0.43534 -0.050987 0.50518 0.86067 0.8L646 1.235% 0.083840
.2 89824 30614 -.0496T9 LLo143 .68186 . 70630 67520 48465
.3 .T9104 .19227 -.043885 30975 52352 5694 +51439 .313%9
Nt 6845k .09kob6T -.03587 22961 .38556 .h3656 37595 18566
5 57912 .012108 -.02708% 16099 26827 31627 -25995 095226
.6 47503 | ~-.052625 ~.018542 .10k05 17194 21067 .16625 036670
T 37242 ~.098381 -.011024 05912% .12310 . 094354 0043043
.8 27076 | -.12172 -.0051309 026545 Ol30Uk4 056737 043561 -.00TT843
.9 16681 =21k -.0013332 0067040 .010760 014689 .012482 -.0061613
: NACA



NACA TN 2590

TABLE II.- VALUES OF FURCTIONS FOR ATLERON FLUTTER CALCULATIONS - Contimmed
X ' 1 ' ' t T
(ving Shorae) | ET5 ¥ ' n, 7, N, X ng
; X = 0. ]
0.1 1.0191 0.22164 ~0.0032162 0.36259 0.85075 0.61351 1.1206 0.10198
.2 9127h .12542 -.010365 28651 67352 51660 66834 33006
.3 80716 .0k1375 -.012874 22003 51710 41810 50994 20378
R *. 70250 | -.029996 -.012k25 16257 .38102 .30298 +37393 11079
.5 59900 | -.087916 -.010642 L1134 26534 .23487 26002 .o468ko
.6 L9655 |-.13117 -.0078988 073069 17025 15691 .16781 0076522
¢ 39488 1-.15773 -.0049936 041386 . 095990 091897 096638 . .011239
.8 29274 {-.163T1 -.002kk09 018527 .Ok27h6 Jok2k30 045598 -.014625
.9 18530 |-.13969 -.00066060 | .OOLGE6T |  .010T05 011000 ,013541 -.0080683
, k= Ok
. 0.1 1.0538  |-0.04k99k 0.036142 0.23706 0.83622 0.35098 1.0027 0.0k3686
.2 195006 | -.10525 022694 18582 66002 30456 66499 14668
.3 BhT09 [ -.15606 | .013670 J1kT2 50573 .25195 51053 .070298
& LTH483 | -.19675 0076867 .10395 .37218 19792 3TT5T 017218
.5 64310 [ -.20637 .0038858 .072186 25899 14588 . 26566 -.015551
. .6 54152 | -.2k344 .0016488 | .oub6250 16614 .098523 L17h2k -.031136
T Jh3912 | -.ok55T .000LITUT 026066 .093675 058224 10259 -.032906
.8 .33362 | -.22829 000045360 011615 .020179 .0055347 | .0k9926 ~.024645
9 - 21789 | -.18066 -.000029310| .0029130 | .0104S5T .0070666 | .01550% ~.011035
k = 0.36
0.1 1.1252 | 0.030351 0.042228 0.21401 0.83394 0.29112 .0.84152 0.19224
-T 1.0089 - 52 027934 .167k2 .65750 25654 66627 -..10323
.3 80191 | -.15063 017956 L12745 .50339 .21455 51262 .038111
R THAB83 | =.21569 .011013 1093337 .37025 16994 .38017 -.0057839
.5 65815 | -.26288 .0063034 06418 25752 L 12607 26844 -.031221
.6 54229 | -.29087 ,0032579 .0h1ko8 16512 . 085600 .17685 - 0k111%
T L2738 | -.29735 .001%338 .023307 093079 .050808 L1047 «.038632
.8 31278 | -.27758 .0004743% | .010373 041458 023727 051359 -.027377
.9 L19h1 | ..21923 .000080726]  .002598Y 010388 0062091 .016112 -.011873
. k = 0.32 :
0.1 ©1.1418  [-0.056244 0.04THTT 0.19161 0.83258 0.22710 0.84325 0.13065
.2 1.0257 -.14163 .032523 14957 65555 .20533 66906 056003
.3 .90938 | -.21188 021755 L11364% .50139 - JATRTT 51612 0028801
R 279305 | -.26507 .013986 .083076 36845 .1hk025 | 38609 -.033420
.5 67689 | -.30429 .008L4806 057511 .25611 10510 27225 -.048651
.6 56134 | -.3241% - 0054099 037434 16215 LOT579% .18028 -.052319
.7 JAL61T | -.32337 ©,0022870 020650 092482 042991 10745 -.015130
.8 .33022 | -.2969L 00086655 L0091TTT 041178 .020187 .053123 -.030513
.9 20839 | -.23187 00018225 0022962 010314 0053115 016845 -.012849
k = 0.28
0.1 1.1638 |-0.15172 0.05L74k 0.16984 0.83284 0.15751 0.84743 0.062999
.2 1.0482 -.2232% .036348 .13225 65471 .14985 L67THL .0037623
3 .93233 | -.28100 024976 .10027 50009 13180 52167 -.036387
y B -.32435 016540 .073161 .36710 10826 .38964 «. 059668
5 ©.70073 | ~.35225 010372 050555 25495 082571 J2TT54 -.068418
6 .58513 -.36313 .0059935 .032242 .16328 . +057313 .18183 -.065151 )
T 4692l | -.35420 .0030L403 .018093 091940 .034632 [ .11094 -.052654
8 .35129 | -.32008 0012156 0080289 .0h0915 JO16414 +055339 -.034189
9 22504 | -.24707 00027249 0020056 .0102k5 0043502 .OLTTh6 -.014009
k = 0.2% )
0.1 1.19%0 [-0.25965 0.054843 0.14865 * | 0.83601 0.080237 | 0.85536 -0.02.3014%
.2 1.0788 | -.31485 039262 11545 65583 088468 68636 -.059414
.3 .96319 | -.36111 027507 087392 50013 .0BlkoT 53034 -.081216
Y 84758 | -.39238 018594 .0635%3 .36662 07309k +39792 -.092506
.5 73187 | -.ho928 011918 L0438k 25432 057876 .28i98 -.091405
.6 L6157k | -.41006 0070537 .027810 *.16270 LOl1317 19102 -.080231
) .7 49839 | -.39174 0036728 015634 091538 025521 11556 ~.061597
; .8 L3TTH9 | - 3853 .0024368 0078515 .03T167 .019152 .058193 [ -.038616
.9 25k | .. 26587 00034985 0017273 | , .010186 .0033103 .018885 -.015424
. ' k = 0.20
0.1 1.1847 |-0.47320 0.056532 0.12795 0.84412 | -0.0082108 | 0.93132 -0.170%9
.2 1.0830 -. 48687 - . 041076 .099080 66048 .018512 69696 -.12155
.3 98104 | -.k9316 029205 OTHTHE 50264 030608 54396 -.13410
R .8782h | -.49112 . 020040 .05hk292 . .36780 .033313 41036 -.13162
5 <TH00 | -.47956 .013047 .037358 <254Th .030037 29575 -.11907
.6 L66T24 | ~.45656 00784814 .023731 16275 .0233L2 19971 -.098580
.7 55588 | -.h1908 0041572 013266 091452 015313 12187 -.072616
.8 43576 | -.36130 .001Th22 ,0058664% | .oho62k .0077280 062012 -.044140
.9 .29519 | -.26886 00041096 .00LL604 010154 .0021518 ,020376 ~.017216




NACA TN 2590

' TABLE II.- VALUES OF FUNCTIONS FOR AILEROR FLUTTER CAICULATIONS - Contimed

X1 2y 1t 21 1 2p 1 t 1 2Q, ' 2x 1
(wing thords) K%Ly ¥erg kN k2N2 k2N, S k215 x2Ng
k = 0.18
0.1 1.2147 -0.53982 0.056745 0.11774 0.85115 -0.058372 [0.93364 -0.21066
.2 1.1127 -.5%727 .ok1ko1 .091031 66501 -.021025 LTOTh2 -.16446
3 1.0102 - S54Th3 029680 068581 50541 .00029990 | .55362 -, 16484
L 90658 -.53940 .020491 oh9ThT .369%2 .010968 11893 -.15453
5 .80115 -.52183 013424 .034188 .25563 L0lkkk2 | 30300 -.13
6 .69268 -.4go8L .0081269 .02169% .16318 .013299 20544 -.10951
7 57899 -.Lhg19 0043332 .012115 091621 L0096244 | .12596 -.079234
8 45551 ~.38485 .0018283 .0053512 .0ko672 .0051801 | .064450 -.0k7k92
9 .30978 -.28480 00043445 0013308 .010160 .0015101 | .02131k -.018316
k = 0.16
0.1 1.2518 -0,61565 0.056466 0.10760 0.86126 -0.11399 0.94001 -0.25733
2 1.1494 -.61627 041518 .083052 L6TLTH -.064748 .72110 -.20927
3 1.0460 -.60969 .029865 L0624 7Y .50980 -.033137 . 56604 -.19952
4 L94113 -.594gk .020730 .0l5256 .37217 -.013629 12980 -.18052
5 83405 -.57070 013654 .031063 .25723 -.0026913 | .3120h -.15403
6 .72335 -.53h9L .0083118 .019686 .16k40k4 .0022897 | .21250 ~.12205
T 60667 - 48430 .00kL564 .010981 092024 .0033999 | .1309k -.086886
8 47905 -.h1okh .0018911 0048451 .0ko81% .0023970 | .067382 -.051395
9 .32712 -.30356 00045197 0012036 .010189 00081027 | .022432 -.019606
k = 0.1k
0.1 1.2988 ~0.7038% | 0.055619 0.097485 | 0.87569 -0.17684 F 95199 -0.31252
2 1.1954 -.69678 .0k1107 075111 68167 -.11%01 73931 -.26060
3 1.0907 -.68261 029714 .056413 .51650 -.0707L7 .58228 -.23947
b .98k10 -.66030 020725 040805 .37652 ~.0k1207 44376 | -.21062
5 87475 -.62843 ..013716 027971 25990 -.021854 | .32354 - 17574
[ 76111 -.58488 0083900 .017703 16555 -.010000 .22136 -.13676
7 64057 -.52610 0045205 .0098625 092767 .0035341 | .13712 -.095915
8 50T - h5L3 0019277 .00L346T | .0B1105 -.00069611 | .070985 -.056032
9 34814 -.32610 00046305 0010787 .010252 000033518 .02379k -.021150
k = 0.12
0.1 1.3599 -0.80908 0.054111 0.087342 0.89653 -0.24965 0.97203 -0.37930
.2 1.2548 -.79327 040180 067170 69636 -.17090 . 76408 -.32092
.3 1.1481 -.TT034 .029172 050365 18341 -.11399 60402 -.28668
N 1.0390 -.73925 .020435 .03637h 38324 -.072883 L6ooh -.24638
.5 .92650 ~. 69846 .013583 .024898 .26h1k -.0h43813 .33853 -.20170
.6 .80889 -.64572 0083434 015736 16802 -.02k051 .23279 -.15847
.7 68325 -.57728 .00k5147 .0087552 | .094032 ~.0L1h4 14501 -.10686
.8 54369 -.48600 .0019336 .0038536 041617 -.0042175 | .075541 -.061694
.9 L3743k -.35395 . 000L6633 .00095528]  .01036k4 ~.00085127 | .025498 ~.023050
k = 0.10
0.1 1.4421 -0.93930 | 0.051808 0.0T7093 0.92732 -0.33689 1.0042 ~0. 46260
.2 1.3345 -.9131% .038635 .059172 71843 -.23884 .79882 -.39432
.3 1.2246 -.87981 028163 .0bh289 54212 -.16551 63413 -.3h4s
4 1.1118 -.83816 019806 .03193% .39376 -.11048 48718 -.290k6
.5 99473 -. 78657 .013214 .021824 .27091 -.069811 .35879 -.23390
-6 87155 -.72260 | .0081483 .013774 L1720k -.040637 .24805 -.17656
.7 . 73896 ~.6k222 0044256 0076525 096139 -.020758 15544 -.12062
.8 .59038 -.53772 -0019023 0033639 .0k2488 -.0083561 | .081503 -.068866
.9 .4o823 -.38961 00046075 00083249 010573 -.0018817 .027709) -.025476
k = 0.09
0.1 1.4948 -1.0178 0.050302 0.071892 0.94835 -0.38822 1.0271 -0.51299
.2 1.3853 -.98569 .037586 .055123 73365 -.27870 .82175 -.43802
.3 1.273% -.9h6pl 027450 041220 55291 -.19566 65382 -.37902
& 1.1580 -.89837 .019339 029696, 40116 ~.13245 .50385 ~.31694
-5 1.0379 -.8038 | .012926 .ozoz7eh 27572 -.08k961 | .3782 -.25334
-6 -91101 -.76970 .00798L4 .012788 .17hok -.050287 .25780 -.18997
-7 77391 -.68214 003442 0070997 097670 -.026166 .16205 -.12901
.8 .61956 -.56961 -0018706 .0031187 .043128 -.010754 .085253]  -.073265
-9 .h2933 -.41167 00045375 .000TT15] 010721 -.0024828 | .029092 -.026971
k = 0.08
0.1 1.5585 ~1.1089 0.048516 0.066611 0.97466 -0. 44665 1.05%63 -0.57139
.2 1.4467 -1.0699 .036323 .051020 75290 -.32399 .8lg98 -. 48821
+3 1.3320 -1.0236 026575 038115 56666 -.22987 67789 ~.41882
n 1.2133 -.96858 018755 027435 k1064 -.15731 52376 -.34755
5 1.0894 -.90323 012557 .018718 .28193 -.10209 .38758 -.27588
-6 .95808 -.82kg0 -0077690 .011795 .17869 -.061178 .26952 -.20558
-7 .81555 -.72902 .0ob2339 0065434 099667 -.032263 .16996 -.13882
.8 65421 -.60713 0018264 0028721 .043gTL -.013450 089728 -.078426
9 h5h3h -.43769 00044387 .00070995 |  .010923 -.0031549 | .030732 --028735




NACA TN 2590

TABLE II.- VALUES OF FUNCTIONS FOR AIIERON FLUTTER CAICULATIONS - Continued

X1 21 1 ' 2t 2 1 N 2.

(wing chords) | D e Ky N kT3 Y K4y K2g!
k = 0.07

0.1 1.6372 -1.2166 0.046407 0.061221 1.0085 -0.51450 1.0941 -0.6L0L3
.2 1.5202 -1.1697 .034808 .0L46838 .TT768 ~.37651 .88543  =.5h70k
.3 1.4039 -1.1154 .025510 034957 S8Lh7 -.26945 . 70800 - hes6y
4 1.2812 -1.0522 .018033 .025138 42300 -.1860k “.54851 -.38366
5 1.1525 -.97833 012093 .017137 29005 -.12185 hoT06 -.30257
.6 1.0155 -.89087 .0074936 .010789 18363 -.073725 .28394 ~.22413
T 86612 -.78518 .00k0903 .0059805 10232 -.039270 .17964 -.15051
.8 69629 -.6522k 0017668 .0026232 ok5097 -.016551 .095173 -.084599
.9 48460 ~. 46902 .00043011 00064778 01119} -.0039242 032722 -.030851

k = 0.06 .

0.1 1.7369 -1.3476 0.043916 0.055674 1.0528 -0.59555 1.1443 -0.72410
.2 1.6178 ~1.291k .032999 .0k25h8 81043 -.k3902 .9311h -.61787
.3 1.4947 -1.2276 024225 031722 60811 -.31647 .ThE5T -.52218
R 1.3665 -1.1546 .017151 022791 .439h5 -.22011 .58003 - bt
.5 1.2316 ~1.070k .011519 .015522 30095 ~.14523 43178 -.3350h
£ 1.087k -.97200 .0071485 0097646 .19029 -.088553 .30216 -.24678
N 92934 -.854k2 003907k .0054083 10591 -.0k7545 .19182 -.16484
.8 . T4869 -.T0790 0016905 0023700 .0h6631 -.020200 .10199 -.092200
.9 52222 -.50782 00041195 00058482 011560 ~.0048319 .035201 -.033467

= 0.05

0.1 1.8681 -1.5127 0.040965 0.049908 1.1131 -0.69565 1.2128 -0.82913
.2 1.7431 -1.4hs52 .030833 .038098 85515 -.51610 99223 -, 70625
.3 1.6135 -1.3697 022671 028375 .64058 ~.37h35 . 79785 -.59303
RS 1.4779 -1.2845 016076 020365 16220 -.26195 62178 ~.482u5
.5 1.3347 -1.1875 010812 013857 .31605 -.17391 L46L33 ~.37600
.6 1.1808 -1.0754 0067195 0087093 19957 -.10670 32603 -.27545
N¢ 1.0113 -.9k288 .0036780 .0048198 .11093 -, 057655 20770 -.18307
.8 .81660 -.77923 .00159%0 0021103 ok8778 L.024646 1108k -.10190
-9 57076 -.55760 00038898 .00052030 012077 -.0059388 038400 -.036823

= 0.0L45

0.1 1.9509 -1.6137 0.039279 0.046915 1.1519 -0.75997 1.2571 -0.89311
.2 1.8200 -1.5394 029589 .035790 88412 -.56218 1.0312 -.75968
.3 1.6881 ~1.4568 021773 026641 66167. -.ho911 83043 -.63613

R 1.5478 -1.3643 015450 .019112 48308 -.2870k 61818 -.51605

.5 1.3992 -1.2596 .010398 012999 32592 -.19108 L8487 -.k0107

.6 1.2391 -1.1392 0064672 .0081656 20566 - 1175k 34101 -.29306

K4 1.062% -.99749 0035423 0045168 11423 -. 063684 21765 -.19428

.8 .85866 -.82334 0015355 0019771 050194 -.027313 11636 -.10789

.9 6009k -.58847 00037489 00048738 012420 ~.0065977 040395 .-.038898
k = 0.0k

0.1 2.0498 -1.7318 0.037426 0.04382k 1.1991 -0.82584 1.3109 -0.96766
.2 1.9162 -1.6498 028214 033413 91933 -.61611 1.0781 -.82232
.3 1.777L -1.5590 020776 .024858 68736 ~.4h926 .86957 -.686
R 1.6310 -1.4580 L0145k 01782k kg510 ~.31602 67986 -.55525
.5 1.4759 -1.3443 .0099366 ,012116 33802 -.21088 50939 -

6 1.3085 -1.2143 .0061837 0076080 21310 -.13005 .35891 -.31370

T 1.1230 -1.0619 .0033896 0042058 11829 -.070624 22949 -. 20746

.8 .90867 -.87538 0014699 .6018L0o2 051938 -.030368 .12293 -.11k93

.9 63667 -.62190 00035870 0005342 012837 -.007358k4 .0k2760 -.Ok13hk
kX = 0.035

0.1 2.1705 -1.8730 0.035377 0.05061% 1.2576 ~0.908k2 1.3775 -1.0564
.2 2.0309 -1.7818 026693 .0309L6 96307 -.67943 1.1358 -.89653
.3 1.8854 -1.6814 .019670 023010 .71933 -. ko662 91759 -.Th623
Rn 1.7323 -1.5703 .013978 .016490 51765 -.35013 71859 -.60203
-5 1.5691 -1, 4460 .009L210 011203 .35309 -.23417 .53936 - h6546
.6 1.3926 -1.30L5 0058673 0070313 22245 -. 1473 .38069 ~.33841
T 1.1965 -1.1393 .0032180 .0038855 12336 -.078792 24387 -.22326
.8 96920 ~.93804 0013972 0016986 054136 -.033945 13089 -.12341
.9 67984 -.66883 .00034181 .00041808 .013371 ~.0082h44 045619 -.044291

k=0.03

0.1 2.3217 -2.0464 0.033095 0.037250 1.3320 -1.0087 1.4622 -1.1650
.2 2.1748 -1.9440 .02%989 .028365 1.0188 T-.T56e5 1.2086 -.98712
.3 2.0210 -1.8321 018428 .021080 76018 -.55399 97812 -.81945
X 1.8587 -1.7088 .013105 015098 54651 ~.39141 76729 -.65939
.5 1.6854 -1.5714 .0088380 010253 37243 -.26235 57694 -.50852
.6 1.497% -1.%158 0055076 0064317 23442 -.16248 L0796 -.36881
T 1.2880 -1.2350 0030229 .0035523 12991 -.088626 .26183 -.2h27h
.8 1.0445 -1.0157 .0013127 .0015530 056942 -.038279 14080 -.13388
.9 .T3346 -.72327 .00032172 00038174 .01k072 -.0092997 049169 <. 04T9UE
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TABIE II.- VALUES OF FUNCTIORS FOR ATLERON FLUTTER CAICULATIONS - Contimied

* L] L ) t
(ving choras) | ¥Ls’ , g I ¢ , ¥, l ¥y l X, I e , g
k = 0.025
0.1 2.5186 -2.2672 0.030530 0.033691 1.4%302 -1.1351 1.5738 -1.302h
.2 2.3615 -2.1509 .023067 025634 1.0926 -.85208 1.3041 -1.1018
.3 2.1968 -2.02L44 ,017023 .019039 .TMETS -.62606 1.0571 -.91231
A 2.0226 -1.8858 .012113 .013629 .58480 - hli322 .83081 ~.T3225
.5 1.8360 -1.7319 0081744 0092506 39814 -. 29765 62581 -.56335
.6 1.6329 ~-1.5584 .0050971 0058001 .25036 -.18471 336 -. 40761
g 1.4061 -1.3578 0027995 .0032017 .13863 -.1009L .28509 -~. 26766
8 1.1415 -1.1152 0012168 .0013987 060719 -.043673 .15361 -.14728
.9 .80256 -.79325 00029798 .00034k01 014969 -.010652 053757 -.052627
k = 0.024
0.1 2.565h -2,3191 0.029968 0.032942 1.4538 -1.1646 1.6006 -1.3346
.2 2.4060 -2.1996 022650 025065 1.1103 ~.875h0 1.3268 -1.1288
.3 2.2386 ~2.0697 JO1671T 018614 .81026 -.65969 1.0760 -.93k10
N 2.061% -1.9274 011897 013323 59403 -.k5529 84591 -.Thgk3
5 1.8717 -1.T698 0080300 .0090L26 Jhob3s -.30586 .637h6 -.5T629
6 1.6650 -1,5921 0050076 0056691 25422 -.18987 45176 -.41676
T 1.h341 -1.3867 0027499 .0031298 .14k072 ~.10382 29060 -.27355
.8 1.1646 -1.1388 +0011959 0013666 -061661 ~.0kk896 1566k -.15046
9 .81890 -.80980 00029266 00033636 .015205 | -.0109L48 054835 -.053743
k = 0.023
0.1 2.6154 -2.37h% 0.029397 0.032188 1.4789 -1.1959 1.6292 -1.3689
.2 2.4533 ~2.2513 022222 024488 1.1293 -.89930 1.3512 -1.1573
.3 2.2832 -2.1179 016403 .018183 .8h122 -.66067 1.0961 -.95728
B 2.1030 -1.9717 011675 013014 .60391 -. 46808 86206 -~.T6758
.5 1.9098 -1.8100 .0078810 .0088317 .k1099 -.31k58 .64588 -.58999
.6 1.6993 -1.6279 .00k9150 0055365 25834 -.19535 46075 -.ho6h6
9 1.464% -1.4176 0026999 0030559 .14299 -.10683 29650 -.27979
.8 1.1890 -1.1638 .0011738 0013347 062634 -.046232 .15%588 *-.15382
.9 .83630 -.8271 00028746 00032830 015457 -.011263 055995 -.054921
k = 0.022
0.1 2.6689 -2.4331 0.028810 0.031420 1.5060 ~1.2292 1.6%99 -1.4052
.2 2.5040 -2.3065 .021781 .023901 1.1496 -.92473 1.377h -1.1877
.3 2.3308 -2.1691 016080 O1TThS 85620 -.67963 1.1177 -.98189
QB 2.1474 -2.0190 011447 012699 L61hk9 -.48169 87938 -.T869%
5 1.9506 -1.8529 .00TT275 0086171 41810 -.32384 .66318 -.60456
.6 1.7360 -1.6661 0048202 .005401% 26275 -.20118 7035 -.143681
¢ 1.4959 -1.4505 .00264TT7 .0029813 14539 -.11008 .30280 -.286L45
.8 1.2152 -1.1905 0011512 0013020 063661 ~.0kT66% 16335 ~.157hL
.9 85489 -.84618 00028163 00032059 015677 ~.011643 057233 ~.056173
k = 0.021
0.1 2,7263 -2.4959 0.028205 0.030639 1.5352 -1.2645 1.6929 ~L1.44k41
.2 2.558% -2,3653 021326 023305 1.1715 -.95181 1.ho5k ~1.2201
.3 2.3820 -2.22h0 015747 .017300 87230 - 1.1ko09 + =1.0082
R 2.1949 -2.0695 .011211 012379 62591 -.49617 89792 -.80765
.5 1.9942 -1.8988 0075693 0083984 42579 ~.33369 .6TTh2 -.62018
.6 1.7752 -1.7069 .00k7218 0052642 26754 -.20737 48065 .4u788
.7 1.5300 -1.4856 0025940 0029055 .14801 -.11350 30955 -.2935%
8 1.2432 -1.2191 .0011283 .0012685 .064818 -.0k9141 16705 -.16125
.9 87481 -.86630 0002760k .00031230 01597k -.01199% 058556 -.057515
X = 0.020
0.1 2.7880 -2.5632 0.027582 0.029843 1.5665 -1.3025 1.728k% -1.k857
.2 2.6169 -2.4285 .020859 .022696 1.1951 -.98076 1.4357 ~1.2547
3 2.4370 -2,2828 015404 016846 .88968 -.72136 1.1659 -1.0363
A 2.2461 -2,1237 .010968 012053 63824 ~.51164 91792 -.82980
5 2.0k11 -1.9480 .00ThOGN 0081768 43408 ~.3hh22 69276 -.63688
6 1.8174 -1.7508 0046212 0051240 27269 -.21399 9172 -.h5972
7 1.5667 -1.5234 0025391 0028277 15082 -11T17 .31681 -.30120
8 1.2733 -1.2498 .00110ko0 .0012350 065984 -.050796 17104 -.16537
9 89624 -.88788 00027078 .00030336 016262 -.012401 059980 -.058960
k = 0.019
0.1 2.8548 -2.6357 0.026938 0.029032 1.6005 -1,3432 1.7670 -1.530k
.2 2.6801 -2.4965 020375 .022076 1.2208 -1.0118 1.4684 -1.2921
.3 2.4964 ~2.3461 015049 016384 90853 -, Thliks 1.1929 -1.0666
& 2.3013 «2.1820 .010717 011721 .65164 -.52822 +9395% -.85362
e D 2.0918 ~2.0011 0072381 -0079503 <4309 -.35549 .70933 -.65485
6 1.8629 -1.7980 0045165 0049818 .27829 | -.22108 50367 -.47251
T 1.6063 =1.5641 0024821 0027487 .15390 -.12108 32464 -+ 30943
.8 1.3058 -1.2828 .0010796 0012001 .06733h -.052500 17533 -.16981
.9 91929 -.91116 00026495 00029461, 016595 -.012818 061514 -.060518
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TABIE IT.- VALUES OF FUNCTIORS FOR AILERON FLUTTER CALCULATIORS - Continued

' 2r 1 Op 1. E t ' [ 1 .
(wingx%hords) kzl'j I kg | R I k2N2 | -k2N3 I kzm‘ I kzn? | kzls !
k = 0.018

0.1 2.9271 -2.7139 0.026272 0.028204 1.6375 -1.3871 1.8089 -1.5786
.2 2.7486 -2.5699 019874 021444 1.2486 -1.0452 1.5038 ~1.3323
.3 2.560 ~2.4140 014681 015914 92904 -. 76934 1.2209 ~1.0993
A 2.3612 -2,2451 010456 .011383 66621 -.54607 96296 -.87937
.5 2.1467 -2.0583 .0070622 0077206 5289 -.36764 .T2728 -.6Th28
.6 1.9122 ~1.8490 L00LLOTH 0048376 .284k0 -.22870 51665 -.h8629
.7 1. 6h92 -1.6081 .002k221 0026691 19725 -.12529 33310 -.31833
.8 1.3%10 -1.3186 0010533 0011654 068795 -.054332 17999 - 17h62
9 9k27 -.93636 00025855 00028609 .016983 -.013238 063170 -.062205

k = 0.017

0.1 3.0059 -2.7987 0.025583 0.027357 1.6779 ~1.4345 1.8546 -1.6308
.2 2.8232 -2.6496 .019356 020797 1.2791 -1.081k 1.5426 ~1.3759
.3 2.6308 -2.4887 014300 ~ .015431 495150 - T9625 1.2541 ~1.1347
4 2.4263 -2.3135 010187 011037 68216 - 56537 98850 -.90732
5 2.2064 -2.1206 0068811 0074851 L6364 - .Th683 ~.69539
.6 1.9658 ~1.9044 0042948 93 29111 -.23691 53072 -.50130
.7 1.6958 -1.655%9 0023608 0025869 16094 -.12982 .34232 -.32802
.8 1.3792 -1.3575 0010270 0011292 .o7ok18 | - -.05629h 18504 -.17985
.9 971h2 -.96373 00025201 00027727 017388 -.01371% .06L96T. -.06L042

k = 0.016

0.1 3.0922 -2,8913 0.024870 0.026488 1.7222 -1.4861 1.9048 -1.68T7
.2 2.9048 -2.7364 - .018820 .020134 1.3125 -1.1208 1.5850 -1.4233
.3 2.7075 ~2.5695 .013906 014938 97610 -.82552 1.2891 =1.1733
R 2.4976 -2.3881 0099067 010683 69962 ~.58637 1.0165 -.93768
.5 2.2T17 -2,1884 .0066931 0072438 Ry T -.39501 .T683L -, 71834
.6 2.0244 -1.9649 0041779 0045379 29842 -.24589 54620 -.51761
7 1.7468 -1.7081 .0022970 0025028 16495 -.13479 .35246 -.33051
.8 1.k210 -1.3999 .00099935 0010925 .072133 -0 19059 -.18553
.9 1.0011 -.99364 00024528 00026819 .017780 -.01%281 066939 -, 066043

k = 0.015

0.1 3.1871 -2.9925 0.024129 0.025508 1.772 ~1.5426 1.9601 ~1.T499
.2 2.9948 -2.8316 . .018262 - 019455 1.349k «1.1638 1.6319 -1.k752
.3 2.7918 ~2,6584 013495 014432 1.0033 -.85752 1.3277 -1.2155
R 2.5760 -2.4701 0096154 010320 7189k -.60928 1.0473 -.97099
.5 2.3436 -2,2628 0064969 0069973 o83 -.41063 .T9191 -.Th351
€ 2.0889 -2.0312 0040561 0043828 30652 -.25569 56320 -.53548
7 1.8028 -1.7654 0022300 oo2k172 16937 -.14022 .36358 -.35006
.8 1.4669 =1.4465 00097034 0010550 0Tk050 ~.060865 .19668 =.191T7
.9 1.0337 -1.0265 00023810 00025902 018238 -.014878 069109 -.068234

k = 0.01)4

0.1 3.2924 -3.10k2 0.023357 0.024682 1.8255 -1.60k7 2.0215 -1.8185
.2 3.0943 -2.9367 017680 .018757 1.3905 -1.2111 1.6838 -1.532%
.3 2.8853 -2.7563 013068 .013912 1.0335 -.89270 1.3705 -1.2621
A 2.6629 ~2.5603 .0093118 0099470 JTHOKS -.634k9 1.081k ~1.00T7
5 2.4230 -2.3451 0062926 0067438 50292 -.42775 .81805 -

.6 2.1603 -2.1045 .0039288 00k2238 31554 -, 26642 58200 -.55525

¢ 1.8648 -1.8286 10021603 0023293 17433 -.14615 37587 <.36282

.8 1.5177 -1.4980 00094017 0010165 . 076211 ~.063451 20341 -.15869

.9 1.0697 -1.0627 00023065 00024963 018772 ~.015509 071516 - QTO0kE
k = 0.013

0.1 3.4097 -3.2086 0.022555 0.023739 1.8864 -1.6735 2.0902 -1.8945
.2 3.2053 -3.0533 LOL70Th .018037 1.h364 -1.2635 1.787 ~1.5960
.3 2.9894 -2,8651 .012621 .013378 1.067h -.93165 1.1181 -1.3138
N 2.7504 -2,6607 0089943 0095637 76454 -.66238 | 1.1195 -1.0486
5 2.5115 -2.4365 0060789 .0064832 .51920 -.h4665 84715 -.80219
.6 2.2398 -2.1860 0037957 .00L0601 -32570 ~-.27828 .60292 =.57725
.7 1.9339 -1.8991 0020873 0022387 -17993 -.15267 -38955 -.3
.8 1.5743 -1.5553 00090843 +00097697 078678 ,=.066270 21090 -.20638
9 1.1098 -1.1031 00022294 00023984 019430 -.016150 .07h1k7 -.073381

k = 0.012 )

0.1 3.5817 -3.3676 0.021712 0.022764 1.9549 ~1.7505 . 2.1675 -1.9797
.2 3.330L -3.1841 016439 017294 1.4882 -1.3221 1.807L -1.6669
.3 3.1065 ~2.9871 .012153 .012825 1.1056 -.97518 1.4720 -1.3716
Rt 2.8682 -2.7734 0086626 0091670 . T91T0 -.69356 1.1624 ~1.,0942
.5 2.6112 -2.5390 .0058552 .0062137 53749 - W68k .87996 -.83673
.6 2.3291 ~2.2775 .0036566 .0038909 .33710 -.29157 2656 -.60182
T 2.011% -1.9780 .0020110 0021455 .18618 -.16003 looh96 -+39290
.8 1.6379 -1.6196 00087519 .00093623 081361 -.069513 21933 -.21498
.9 1.1549 ~1.1484 00021465 00023000 020058 ~.016976 " WOTTILTS -.0763718
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x! = 2bx, x!' = 2b

Vaa

L 3

(a) Projection of wing strip on x'y'-plane.

Tralling edge

Alleron
hinge

Axis of
rotation

(b) section y' = 0.

Figure 1.- Sketch illustrating coordinate system and the degrees of
freedom «, h, and B.
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h Figure 5.- Flutter-speed coefficient against Mach number for several
values of ‘1/k when gh =0, Xy =0.2, and a = O. (FigurevlS
* (o AN

‘of reference 5 modified to include calculated valués,indicated
by circles.) :
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referenqe 5 modified to include calculated values indicated by circles.)

NACA-Langley - 1-3-52 - 1000



(a040) uojBuiysem ‘YOVN woaj arqeureiqo sarde)

Kouenbaa} paonpal ay) JO SSNTEA SNOLIBA I0] ‘JUSTHOWE
pue P 10) suoissaxdxa ayj Ul PaUTEIUOD SIUSLD
-1}J300 9] JOJ S§3NTEA [EITISWNU JO SI[qB] IAIFUS)

-X9 gopraoad gaded ayJ, -Axoayj oruosradns pazire
-9uI] Y} JO W] 8y} SE 38D DTUOS 3Y] JUTISPISUOD
Aq paarrep st Tepjuajod £)00104 3y paeds oruos

Je SurAOUWl UOTJEUIqUIOD UOJID[TE-SUTM [EUOTSUIWIIP~O0M)
‘Surerroso ATEdTUOWIIEY ‘UTY} B IO JUSWIOW pue

W 2y pue Terjuajod £31d0f0A 2y} UTRIGO 03 “3(qns
31} 0} SUOTINQLIJUOD JUIIII UT palsaS3ns st ‘pasn s1
Mmog Apeasjsun aiqrssaxdmod 10y A103Yy) pazZiIeaur] ayL,

(x240) uojdupysem ‘VOVN woaj s[qeureiqo sardo)

Aouanbaxj paonpad ayj JO SONTEA SNOLIBA IO ‘JUdWIOWK
pue I I0] suorssaxdxa 9y} Ur PAUTEIUOD SIUIID
-1JJ900 9Y) JOJ SONTEA [EJTISUINU JO SIT(EB] QAISUI]

-xo sapiaoad xaded ay], -A109y) oruosiadns paziie
-aul] 9Y3 JO JIWI[ 8y} SB 9SED OTUOS 3] SUTIDPISUOD
Aq paatzap st rBrjusjod Lj100104A 9y, ‘poeds oruos

J& SUTAOW UOIJEUIqUIOD UOJIITIE-SULM TBUOISUSWIIP-0M}
‘BuryeIIOS0 A[TEOTUOWLIBY ‘UTY} B JO] JUSWOUI pue

W11 3y3 pue 1erjuajod £)100T0A aY} urelgo 03 ‘o°lgns
a1]1 0] SUOTINIIIUOD JUIDAI UT paIsasSsns se ‘pasn st
Mo Apeajsun a[qrssardumod J0j A108Y] PIZLIBIUT] 9YT,

0652 NI VOVN E (0692 NL VOVN) 0652 NL VOVN ‘IO (0682 N.L YOVN)
“H UEImf ‘UemLIag 'sqe} g ‘-siferp -dog °ZG6T Axenuep -uewaog H wermp ‘vewmzesd ‘NI 'sqel g ¢'siferp 'dgg °gG6l Arenuer -uewieg
"0 MIqISH ‘UOSTON .H *H UB[Inp pue UOSTON D MOqIdH "qIHAJS OINOS IV D MBQISH ‘UOSTAN 1 *H UeInL PUE WOSTON ‘D MeqieH ‘dFddS DINOS IV
(1-2°%) MOTI TVILNALOd "TVNOISNIINId-OM.L NI NOLL (129 MOTHA TVIINTLOd TVNOISNHINIT-OML NI NOIL
SUCIATIV pue s3uTm -VNIGINOD NOUITIV-DNIM DNILVTIIOSO NV 04 SUOIATIV pue s3urm -VNISIWNOD NOHFTIV-DONIM DNILVITIIOSO NV 04
- I9|NT4 PUE WOPEIQIA g SLNAWOW ANV STOHOJL THL NO SNOILVIND'IVD - Ja)NI4 pUB UOTRIQIA g SINAWOW ANV SEDH0Jd THL NO SNOLLVINDTVD
(2°1°1) *SOTINBUOIIY JI0J 393TWWO)) AIOSTAPY [RUOITEN Z1°1) *SOTINBUOIAY J9] 991 TWWO)) AIOSTAPY TEUOTTEN
siqssardwo) ‘Mol Y 0652 NI VOVN slarsseadwo) ‘wold 1 065% NI VOVN
L%' (1040) uoBuIYsEM ‘VOVN Wodj afqeuieiqo saydo) '§ (x940) uoBurysem ‘VOVN woaj aiqeureiqo saydod
Aouanbaay paonpal ay) Jo SaNTRA SNOLIBA JO] ‘JUOWOW £ouanbaly peonpal ay) JO SaNTEA SNOLIEA JO] ‘JUOTIOW
pue P 10] suolssaxdxa oY) Ur PauUTLIU0D SIUID pue I 10} suorssasdxe ayj up PoUTBIUOD SJUATD
-TJJ209 Y3} JOJ SON[EA [EOIISWINU JO SIqE) IAISUD) -1JJ200 3y} JOJ SONTBA [EITISWNU JO SITqE] SAISUI)
-x0 gopraoad zaded ayy, -Axoay) otuosaadns pozire -x9 gapraoad saded ayy, ‘£xoay) otuosxadns pazire
-9UI[ Y} JO JTWII] 9Y} S ISED OTUOS Y} SULISPISUOD -3Ul] Y3 JO JTWI] 9y} SE ISBI OTUOS 9Y] SUTIOPISUOD
£q paatxep s1 Terjuajod A300104 YL “poads oruos £q paAtzap st Terjusjod A3001PA Yy, peads otuos
e SurAOW UOTJRUIQINOD UOII[Ie-Suim [BUOISUSTITP-0M]) e SUTAOW UOTIEULQWIOD UOCIS[TE-JUIA [EUCTSUBUIID-0M)
‘SuryerTIoso AT[edTUOWLIBY ‘UTY) € IO} JUSWOW pue ‘Suyyeioso A[eotuowiIey ‘Utyl € JOJ JUSTIOW puE
P11 ay3 pue terjuajod L)10013A ayj ureiqo o3 “‘jo3lgns PII 9y} pue yerjuajod £3roo1da ayj ureiqo o3 ‘joafgns
9y} 0} SUOTINIIJUOD JUIVII UY pajsadsns st ‘pasn st 8y} 03} SUOTINGLIJUOD JUSIAX U pajsafdns se ‘pasn s
sop Apeajsun afqissardurod 1o} A109Y} pazlaeaul] Sy MOT] Apeajsun ajqissardmod 10] A108Y} PaZIIESUT] YL
0692 NL VOVN I (0652 NL VOVN) 0652 NL VOVN "I (0652 NL VOVN)
*H uernp ‘uemaag ‘I ‘sqe} g ‘-safep dgg -ggel Axenuep -uewzad ‘H weymne ‘uewrsg CIT ‘sqe} g ‘'siferp ‘dgg 2661 Axenuep “uewllag
‘D FIQISH ‘UOSTON I *H Uej[nf pue UosaN ‘D MWeqIdH ddAAdS JINOS LV D MaqIsH ‘uoseN I -H UBIINP PUB UOSTAN °D MOQIdH ‘dAAJS JINOS LV
(1°2%) MOTA TVIINILOd TVNOISNIINIA-OMIL NI NOILL (tzy MO TVIINTLOA TVNOISNIWIA-OM.L NI NOLL
SUOISTIV PUe SSUTM “VNIGINOD NOHHTIV-DNIM DNILVTIIOSO NV ¥0d SUOIDTIV pue SSUTM -YNIGINOO NOUITIV-DNIM DNILVTTIOSO NV 404
- I9YNId pUe UOTBIIA g SLNAWOW ANV SZOYO0J THL NO SNOILLVIADTVO - I91NTJ PUB UOTIBIQIA ‘T SINAWOW ANV SHONO4 FHIL NO SNOILVINDIVD
(@11 ’ *SOTINBUOIAY 0] 93TWWO)) AIOSTAPY [EUOTIEN (z1°1) *SOHNEUOIDY O] SOPIUWO) AIOSTADY TEUOTIEN
srarssaadurop ‘mold ‘1 0652 N.IL VOVN orqissaxdmio) ‘mord T 0692 NI VOVN

» L]




% uoiBupysEM ‘VOVN Wolj ajqeureqo sajdo) % uoydupysem ‘VOVN woljy ajqeuyeiqo satdod

*(paoys 3ua ayy Jo jus0aad 06 *(paoyo 3um ayy jo juadaad 06
03 01 woJj) uopysod o3uy uoIa[rE puE (G '§SA>O0M 03 0] woxj) uopysod aBupy uoIare pue (¢ ‘¢S A >0
06SZ NL YOVN 0652 NL YOVN

% uojBupysem ‘VOVN woJj aiqeuieqo s31do) % voBuiysem ‘VOVN wodj a[qeureno sajdod

“(pzoyo Sura ayy Jo Juadzed 06 *(proyo Sutm ayy Jo juadIad 06
03 01 wouxy) uopsod a3ury uozayre pue (g ¢S i >0)A 03 0T wioxy) uofytsod aSupy uoId[IE PUE (G ¢S A >0)4

0642 NI VOVN 0692 NIL VOVN



